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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer, So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium secondary battery with which the aforementioned positive electrode is 
characterized by having the powdered lithixmi inclusion manganese nickel multiple oxide which is 
expressed with empirical-formula Lix Mnl-y Niy 02 (0.1<=x<=1.2, 0.20<=:y<=0.39), and has 
hexagonal structure as an active material in a lithium secondary battery equipped with a positive 
electrode, the negative electrode which has electrochemically an occlusion and the matter which can be 
emitted, or a lithium metal for a lithium ion as an active material, and nonaqueous electrolyte. 
[Claim 2] The lithium secondary battery according to claim 1 by which the aforementioned lithium 
inclusion manganese nickel multiple oxide is especially expressed with empirical-formula Lix Mnl-y 
Niy 02 (0.1<=x<=1.2, 0.25<=y<=0.35). 

[Claim 3] The lithium secondary battery according to claim 1 whose X-ray diffraction full width at half 
maximum of the lattice plane (104) side which searched for CuK alpha rays in composition of the 
aforementioned lithium inclusion manganese nickel multiple oxide of x= 1 as a line source is 0.16-0,40 
degrees, 

[Claim 4] The lithium secondary battery according to claim 1 whose median size of the aforementioned 
lithium inclusion manganese nickel multiple oxide is 6-30 micrometers. 

[Claim 5] The lithium secondary battery according to claim 1 whose aforementioned lithium inclusion 
manganese nickel multiple oxide is the baking field of the mixture of a manganese nickel compound 
hydroxide and a lithium compound. 
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(57) [Abstract] 

[Problem solving means] It possesses lithium containing manga 
nese * nickel composite oxide of powder where positive 
electrode, is displayed withthe composition formula Li x Mn 1 
yNiy02 (0.1 X 1.2 and 0.20 y 0.39). 
possesses and hexagonal crystal structure as active substance. 

[Efrect(s)] Lithium secondary battery which designates lithium c 
ontaining transition metal oxide where charge-discharge cycle 
property is good as thepositive electrode active material is 
offered. 
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[Claim(s)] 

[Claim 1] Positive electrode and lithium ion electrochemically i 
ntercalation and deintcrcalation are done, lithium secondary 
battery which possessesthe lithium containing manganese 
nickel composite oxide of powder where densely 
aforementioned positive electrode, isdisplayed with 
composition formula Li X Mn 1-y Niy 02 (0.1 x l. 
2 and 0 20 y 0.39) possible substance or lithium inetal as 
theactive substance in lithium secondary battery which has 
negative electrode and nonaqueous electrolyte solution which 
^possesses, possesses and hexagonal crystal structure densely 
makes feature asthe active substance and. 

[Claim 2] Aforementioned lithium containing manganese * nick 
el composite oxide, especially, lithium secondary battery which 
is stated in theClaim 1 which is displayed with composition 
formula Li X Mn l-y Niy 02 (0.1 x 1.2 and 0.25 
yO.35). 

[Claim 3] Width at half height of X-ray diffraction peak of latti 
ce plane (104) plane which sought CuK line m 
thecompositionofx=l of aforementioned lithium containing 
manganese * nickel composite oxide as radiation source, h hiun 
secondary battery which is stated in Claim 1 which is a 0.1 6 to 
0.40 °. 

[Claim 4] Median diameter of aforementioned lithium containin 
g manganese * nickel composite oxide, lithium secondary 
battery which is stated inthe Claim 1 which is a 6 to 30 m. 

[Claim 5] Aforementioned lithium containing manganese * nick 
el composite oxide, lithium secondary battery which is stated u: 
Claim 1 whichis a pyrolysate of mixture of manganese nickel 
compound hydroxide and lithium compound. 



[Description of the Invention] 
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[0001] 

rinvention belongs technological field] This invention related t 
o lithium secondary battery which designates lithium containinj 
transition metal oxide as thepositive electrode active material, 
details offer lithium secondary battery where charge-discharge 
cycle property is good densely madethe object, it regards 
improvement of aforementioned lithium containing transition 
metal oxide. 

[0002] 

rPrior Art And Problems To Be Solved By The Invention] As p 
ositive electrode active material of lithium secondary battery, 
LiCo02 (hexagonal crystal). LiNi02 (hexagonal crystal). 
LiMn02 (orthorhombic crystal) and the LiMn204 (cubic 
crystal) or other lithium containing transition metal oxide are 
well known. 

[0003] LiCo02 is superior as practical characteristic balance nr. 
ost. but with expensive , theproduction cost of battery becomes 
high because cobalt starting material is rare in theresourcewise. 
LiNi02 is a benefit that nickel starting material, with relatively 
inexpeiiive , furthermore thecapacity is large to resourcewise 
because of abundant in comparison withthe cobalt starting 
material, but charge-discharge cycle property is not good in 
comparison with LiCo02. As for LiMn02 andLiMn204. 
manganese starting material in resourcewise is 
inexpensivebecause of abundant. But. LiMn02, because chang 
of cwstal structure in charge-discharge cycle in compansonwH^ 
LiCo02 and LiNi02. is large, charge-discharge cycle property 
isnotgoodmastering. In addition. LiMn204 Mn is yam teller 
ion from thefact that ordering energy which brings decrease of 
discharge capacity in the and charge-discharge cycle is large 
relatively, charge-discharge cycle property is not good. Th s 
wav as for conventional lithium containing transition metal 
oxide, excluding expensive LiCo02 which charge-discharge 
cycle propertywithout being good. Because of this with 
inexpensive, furthermore development of positive electrode 
active materialfor lithium secondary battery where charge- 
discharge cycle property is good was demanded. 
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[0004] Then, in order that you answer to this demand, result of 
diligent research, asfor these inventors, lithium secondary 
battery where charge-discharge cycle property is goodl in 
comparison withthe lithium secondary battery which designates 
LiCo02 as positive electrode active material specific manganese 
* nickel composite oxidewhich possesses hexagonal crystal 
strucmre as positive electrode active matenal by using, is 
acquireddiscovered densely with low cost. 



[0005] 



This invention being something which it can be based or 
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thisknowledgcdesignates lithium containing transition metal 
Ixide^posiL electrode active material, lithium secondary 
battery whi^ charge-discharge cycle property is goodmastenm 
is offered densely makes object. 

[0006] 

[Means to Solve the Problems] It has negative clecffode and no 
LaquTous electrolyte solution where "thmm^'^^^^^^^^^^^^^ 
(invention battery) which relates to thethis invention ^ 
displayed with composition formula Li x Mn l-y Niy 02 ( 
0 1 X 1 2 and 0.20 y 0.39), electrochemically 
Lrcalation and deintercalation does positive electrode and the 
Uth^ ion which possess and lithium containing manganese 
Tkel comoosite oxide of powder which possesses the and 
hlx'tnaU^sS structure as active substance densely possess, 
possible substance or lithium metal as active substance. 

rn0071 It is a lithium containing manganese * nickel conipositt 
'xi2ro?o:derwhere active subsm^ 
displayedwith composition formula Li x Mn l-y Niy u. 
0 1 X 1 2 and 0.20 y 0.39), possesses and ^ 
hexagonal crystal structure, lithium containing imnganese 
nickel composite oxide of 0.25 y 0.35. because change 
of crystal strucmre in charge-discharge cycle issmall. « is 
desiSble. As for being limited in 0.20 y 0.39, m case of 
y<So maintains thehexagonal crystal structure densely 
becoming difficult, stability of crystal structure to decrease.whe, 
on'n^Ld it is a y>0.39, ratio of transition metal in litluum 
laverfecreasing, bonding ability of hthium layer and oxygen 
S:ftoTc^i;,because change of crystal ^ ^^X' 

discharge cycle becomes large. Furthemiore . therefore as for 
bS knitedin 0.1 x 1.2,while maintaining hexagonal 
cSsUlIucture, content possible amount of lithium this range 
is. 

1 mnTeW lithium containing state of x=l as radiation source, 
hose wEchare a 0.1 6 to 0.40 °. is desirable. Change of 
cSstarlcture in charge-discharge cycle to be small, because 
charge-discharge cycle property isgood. 

r0009] Lithium containing manganese * nickel composite oxide 
Kg alkali to aqueous solution which contains manganese 
andthe'nickel . precipitating manganese * n-ke c^^^^^^^^^ 
hvdroxide as coprecipitate, <:oprecipitation method ).next can 
S this manganese * nickel compound M-ideand li^^^^^ 
compound, cansynthesize by calcining. Furthermore ,with 
wnthetic method due to solid phase reaction which 
pTwde^^'^^^^ compound and nickel compound and 
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[0015] (IIIE«11~5) 



lithium compound , calcines, as forobtaining compound which 
consists of single phase it is difficuh. As lithium compound, 
lithium nitrate, lithium caibonate . lithium sulfate , lithium 
phosphate, lithium hydroxide , the lithium chloride , lithium 
bromide , lithium iodide , lithium oxide , lithium formate , 
Uthium acetate , the lithium benzoate , lithium citrate and 
lithium oxalate are illustrated. 

[0010] lithium ion electrochemically intercalation and deinterc 
alation it does active substance of negative electrode, densely it 
is apossible substance or a lithium metal, lithium ion 
electrochemically intercalation and deintercalation is done, as 
possible substance densely, voltageis low lithium-aluminum 
alloy and lithium - lead alloy , lithium - tin alloy or other 
lithium alloy ; the graphite , coke and organic pyrolysate or 
other carbon material ; in comparison with active substance of 
the positive electrode. Sn02 , SnO,Ti02 andNb203 or 
other metal oxide are illustrated. 

[001 1 ] As solvent of nonaqueous electrolyte solution, mixed sol 
vent of ethylene carbonate , propylene carbonate . the 
vinylene carbonate , butylene carbonate or other cyclic 
carbonate ester , cyclic carbonate ester and dimethyl carbonate 
diethyl carbonate , methylethyl carbonate , thel ,2-di ethoxy 
ethane 1 ,2-dimethoxyethane and ethoxy methoxy ethane 
or other low boiling solvent is illustrated. As solute of 
nonaqueous electrolyte solution, LiPF6 , LiBF4 . LiC104 , 
LiCF3S03,the LiSbF6, LiAsF6 and LiN(CmF2m+l 
S02)(Cn F2n+1 S02) (in Formula, as for m and neach 
becoming independent, integer of 1 to 5. ) LiC(CpF2p^l 
S02)(CqF2q+l S02)(CrF2r+l S02) (in Formula, as forp and 
q and r eachbecoming independent, integer of 1 to 5. ) Is 
illustrated. 

r0012] As for lithium containing manganese * nickel composite 
oxide in this invention, crystal structure is difficult to change in 
the charge-discharge cycle. Therefore, this invention battery 
has charge-discharge cycle property which is supenor. 

[0013] 

[Working Example(s)] This invention furthermore is explained 
in detail on basis of theWorking Example, but this invention it 
is not something which is limited in thebelow-mentioned 
Working Example, modiiying appropriately in range which 
doesnot modify gist, it executes it is possible ones densely. 

[0014] (Experiment 1) This invention battery and comparison 
battery were produced, charge-discharge cycle property was 
compared. 

[0015] ( Working Example 1 to 5 ) 
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rProduction of positive electrode] It mixed manganese acetate ( 
Mn (CH3 C00)2 ) and nickel nitrate (Ni (N03 )2 ) with mole 
mio 8.0:2.0, 7.5:2.5. 7.0:3.0and 6.5:3. 5 or 6 . 1 :3 .9 mserted 
in 50 vol% ethyl alcohol aqueous solution and agitated, added 
30 vol% ammonia water,acquired precipitate (manganese* 
nickel compound hydroxide ) ( coprecipitation method ). It 
filtered each precipitate, this and mixed lithiurti nitrate (LiN03) 
with atomic ratio 1 .0: 1 .0 ofthe total weight and Li of Mn and 
Ni.in oxygen atmosphere. the4 8-hour calcined with 650 C 
to room temperature after cooling, powder fragmentit did with 
iet mill it produced lithium containing manganese * mckel 
composite oxide of powder of 5kind of median diameter 3 m 
which is displayed with composition fomiula Li Mn 0.8O Ni 0. 
20 02 Li Mn 0.75 Ni 0.25 02 . Li Mn 0.70 Ni 0.30 02 .the 
Li Mn 0.65 Ni 0.35 02 or Li Mn 0.61 Ni 0.39 02 median 
diameter at value which was sought with laser diffraction is 
somethingwhich was sought median diameter below with^all 
same method . When each lithium containing manganese 
nickel composite oxide was inspected with powder X-ray 
diffraction ( radiation source : Cu K , measurement range 2 
•10 to 90 ° . measurement interval :0.01 " , measunng 
speed :0.01 « /sec . dispersion slit :0.5 " . scattering sht :0.5 
- and receiving slit : 0.1 5 mm ), as for the crystal structure 
in each case with hexagonal crystal structure (sf gl^ phase) - ^s 
for width at half height of X-ray diffraction peak ofthe lattice 
plane (104) plane, in order, was a 0.49 " . a 0.50 " , a 0.50 
» a0 51 ° anda0.51 Furthermore , it is something 
which was sought width at half heightbelow with all same 
method . 
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[0016] Kneading polyvinylidene fluoride as acetylene black anc 
adhesive as above-mentionedeach lithium contaming 
manganese * nickel composite oxide and conductor as positive 
electrode active material, with weight ratio 90:6:4. it 
manufacturedthe positive electrode compound, with pressure of 
2 ton/cm2 press molding did this positive electrode compound 
in thedisk shape of diameter 20 mm, under yacumn 2 hours 
dried with 250 "Cproduced positive electrode of 5 kind. 

10017] [Production of negative electrode] Driving out rolling pi 
ate of lithium aluminum alloy, it produced negative electrode 
of disc shapeof diameter 20 mm. 

[0018] [Manufacturing nonaqueous electrolyte solutioii] 1 mole 
/liter melting LiPF6 of ethylene carbonate and in mixed solvent 
of volume ratio 1:2:1 of dimethyl carbonate and ethyl methyl 
carbonate, it manufactured nonaqueous electrolyte solution. 

[0019] [Production of lithium secondary battery] Above-menti 
oned each positive electrode , using negative electrode and 
nonaqueous electrolyte solution, itproduced lithium secondary 
battery (this invention battery)Al to A5 of flat shape. It 
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designated volume ratio of positive electrode and negative 
electrode as 1 :1 .1 . battery capacity it triedto be regulated by 
positive electrode capacity. Furthermore . also battery below 
designated thevolume ratio of positive electrode and negative 
electrode as all 1:1.1. As for Figure 1 , with sectional view of 
lithium secondary battery which is produced, asfor lithium 
secondary battery A in illustration, positive electrode 1 and 
negative electrode 2, it consists ofthe separator 3. positive 
electrode can 4, negative electrode can 5, positive electrode 
collector 6, negative electrode collector 7 and insulating 
packing 8 etc of polypropylene which alienate these positive 
electrode 1 and negative electrode 2 through separator 3 which 
impregnates nonaqueous electrolyte solutionopposing, are 
acconLodated inside battery can which positive electrode can A 
and thenegative electrode can 5 form, as for positive electr(xle 
1 through positive electrode collector 6, negative electrode 2 
through thenegative electrode collector 7, is connected by 
negative electrode can 5, to positive electrode can 4, 
respectively, to theoutside has reached point where it can 
remove with chemical energy whichit occurs m battery inside a 
electrical energy. 

[0020] (Comparative Example 1) Other than thing which nuxe 
s manganese acetate and nickel nitrate with themole ratio 8. 
119 lithium containing manganese * nickel composite oxide 
of powder of median diameter 3 m which is displayed with 
the composition formula Li Mn 0.8I Ni o.l 9 O2 with as 
similar to preparation method of positive electrode active 
material in Working Example 1 to 5, wasproduced. width at 
half height of X-ray diffraction peak of lattice plane (1 04) 
plane of this lithium containing manganese * nickel composite 
oxide was 0 49 °. Other than thing which uses this lithium 
containing manganese * nickel composite oxide as positive 
electrode active material comparison battery XI wasproduced 
with as similar to Working Example 1 to 5. 

[00211 (Comparative Example 2) Other than thing which mixe 
s manganese acetate and nickel nitrate with themole ratio 6. 
0-4 0 lithium containing manganese * nickel composite oxide 
of powder of median diameter 3 m which is displayed with 
the composition formula Li Mn 0.60 Ni 0.40 02 with as similar 
to preparation method of positive electrode active material m 
Working Example 1 to 5, wasproduced. width at half height of 
X-ray diffraction peak of lattice plane (104) plane of this 
lithium containing manganese * nickel composite oxide was 0. 
5 1 " Other than thing which uses this lithium containing 
manganese * nickel composite oxide as positive electrode 
active material comparison battery X2 wasproduced with as 
similar to Working Example 1 to 5. 

[00221 (Comparative Example 3) It mixed l«hium oxide (Li20) 
and manganese dioxide (Mn02) and nickel oxide (NiO) . with 
mole ratio 1.00:1.20:0.80, formedin tablets, in air 2 0 hour 
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-:;x-;/ hHJu-cl»»Lx. ;=^'J?5' I^^°v■^^ 

-'^^JHS^SHt«!l<0*S^^® (104) HO 

xs@we-^<D¥iia®tt. o. 29; -c-^-^J" 

[0 0 2 3] <^®JB!(DgSttS*> ^ ~ 

A5aU:tt«Sit!lX 1 -'X3l;OL^T, f 35EgO_ 1 
5mA/cn,2T?4. 2V$^?E®Lfc^, BJ^SO 
. 15mA/cm2r-2. B V*T'ttS^*^MS* 2 

[0 0 2 4] mmvi^^ = (2ot^'r^7;i.a<Dt5i 

[0 0 2 5] 



calcined with 850 "C, aftercooling, water wash it did w room 
temperature, dried with 1 1 0 °C, thepowder fragment did with 
iet mill, it produced lithium containing manganese mckel 
composite oxide of median diameter 3 m which isdisplayed 
with composition formula Li Mn 0.60 Ni 0.40 02. width at 
half height of X-ray diffraction peak of lattice plane (104) 
plane of this lithium containing manganese * nickel composite 
oxide was 0 29 °. Other than thing which uses this lithium 
containing manganese * nickel composite oxide as Positive 
electrode active material comparison battery X3 wasproduced 
with as similar to Working Example 1 to 5. 

[0023] [Capacity retention of each battery] Concerning this in 
vention battery Al to A5 and comparison battery XI to X3 
S current density O.I 5 mA/cm2 to 4.2V afterchargmg. with 
current density 0.1 5 mA/cm2 charge-discharge which 
discharges 20 cycle was doneto 2.8V. capacity retention of 20 
th cycle of each battery was sought from theformula below, 
resuh is shown in Table 1 . 

[0024] Capacity retention (%)= (discharge capacity of discharg 
e capacity / 1st cycle of 20 th cycle) X 100 

[0025] 
[Table 1] 







4MI« C ) 






Li»i.. iiNi.. t.Oi 


0. 49 


94. 3 


*56<!B«ifeA 2 


Liin.. TiHii, ifit 


0. 5 0 


9 5.6 


:^mRmsi^^ 3 


Lillni. T»Nii- nOi 


0.5 0 


9 6. 0 


*»BBXiftA 4 


Lilin,. .»Ni». ..Ot 


0, 5 1 


9 5. a 


^^B^K&A 5 




0. 5 1 


94. 2 
9 2.4 




Lilkn,. «iNio. itOi 


0.4 9 


ifc««*X2 


LiBn>. iiNio. *jO, 


0. 5 1 


9 2.5 




Lilno. *oNii^4jOt 


0.2 9 


9 0. ^ 



[0 0 2 6] si J: :^f^mmmAA-'As\t, 



10026] From Table 1 , as for this invention battety Al to A5, . 
capacity retention is large in comparisonwith companson 
battery XI to X3, charge-discharge cycle property is good, 
understands densely. In addition, uses lithium containing 
manganese * nickel composite oxide which is a 0.25 y 0. 
35 from fact that thecapacity retention of this invention 
battety A2 to A4 especially is large, in composition formula Li 
X Mn 1-y Niy 02 densely isdesirable, understands densely. 
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[0027] (S»2) ■J^t'A^^-'^^^-r^^ 

,^,^^mt^o^^m (104) iBO)x^@tfft-^«) 

[0 0 2 8] fiTSt7>if>t. tBK-'y^Jl'^^^EJUht 

7 0-3. o-c-j&^L, 5 0^♦S%I^>l'7^^='->^ 

■CS^fL. »*JIBBm*l=T. 7 0 0- 7 50 C 
8 0 0' C. 8 5 0' CXI*9 0 0' C-C4 8RBaS 

gi5H20 : 10-9 0- , 0. 01 . 

S5IIS- 0. 0 1° /fj.\ fEil^'J'VH: O. 5° . m 
iL7.';vh:0. 5* . S*7.'J-> h : O. 15mm) 

^-ffl) ffcU. ♦SiF-E (104) B<OXS[Hl«Ttf-'? 
<0#ig-lili, mi::, o. 40° ,0. 3 1° ^0- 2 3 
• o 16*&i;o. 1 3° T-fc^fc» iE®S!t*Mi: 

lifJK<7)'J^1'A-?R®a!! (*»I3S?I!1) A6~A10 

SfFSL. sBi-eff^fct«5tsi:ft#fl)3t^s^^ 

^;^UKSSl7oT. §S»<D2 0-*>-<^^l'a<0^S*t; 
*$*ftfc. !B*$a2l-*t-, S2(Cli. *l6iflS» 



[0027] (Experiment 2) Width at half height of X-ray diffractio 
n peak of lattice plane (1 04) plane of lithium containmg 
manganese * nickel composite oxide and relationship ofthe 
charge-discharge cycle property were inspected. 

r00281 It mixed manganese acetate and nickel nitrate withmol 
e ratio 7 0-3 0, inserted in 50 vol% ethyl alcohol aqueous 
solutionand agitated, added 30 vol% ammonia water acquired 
precipitate ( manganese * nickel compound hydroxide ) ( 
coprecipitation method). It filtered this precipitate this and 
SxedUthium nitrate .with atomic ratio 1.0:1 0 ofthe Mn and 
Ni and Li, in oxygen atmosphere, 4 8-hourcalcined with 700 
"C 750 °C 800 °C . 850 °C or 900 °Cto room 
temperature after cooling, powder fragment it f ^^^i^l^ 
itproduced lithium containing manganese * nickel composite 
oxide of powder of 5 kind of median diameter 3 m which 
displayed with composition formula Li Mn 0.70 Ni o.30 O . 
When each lithium containing manganese * nickel composite 
oxide was inspected with powder X-ray diffraction ( radiation 
source : Cu K , measurement range 2 :10 to 90 . ^ 
measurement interval :0.01 ° , measunng speed .0.01 /sec 
dispersion slit :0.5 " . scattering slit :0.5 " and receiving slit 
: 0. 1 5 mm ) , as for the crystal structure in each case with 
hexagonal crystal structure (single phase) . as for width at half 

height of X-ray diffraction P^^ °fth^l^"^^%P^r,^l?f ^ 
plane, in order, was a 0.40 ° . a 0. 31 ° . a 0.23 , a 0 J 6 
" and aO 1 3 ° Other than thing which uses these each 
lithium containing manganese * nickel composite oxide as 
positive electrode active material itproduced li*ium second^ 
battery (this invention battery)A6 to AlO of flat shape with as 
similar to Working Example 1 to 5. doingthe charge-discharge 
cycle test of same condition as those which were done with 
Exoeriment 1 ,it sought capacity retention of 20 th cycle ot 
LKter^ resuh is shown in Table 2. Posting also result oi 
this invention battery A3 from Table 1 , it is shown inthe Table 
2 . 



[00 2 9] 
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*»W«3feA 3 


6 5 0 


0.5 0 


9 6.0 




7 0 0 


0.4 0 


9 6.9 


;^5SBJi«*A 7 \ 


7 5 0 


0. 3 1 


9 7. 1 




B 0 0 


0.2 3 


9 7. 0 


*5ft?fl«aA 9 


8 5 0 


0. 1 6 


9 6. 8 


*»B^K&A 1 0 


9 0 0 


0. 1 3 


9 6. 0 



[0029] 
[Table 2] 
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[0 0 3 21 wf^-7>ii>t^ mm-'y^i^ti^'^tt 

7 0:3. 0X-5g#L, 5 0<*a%X^;UT;i' = -^^ 

r-iS^L, KlSS*BB^*I=-C^ 6 5 0- CX-4 8^Pa0i 

6.m. 10.m. 2 0.m, ^ O mXI* 3 5 . 

5 aa)t»*tt<0 >J 5^ ^ > * > • - -V '^^l'^ ° K 

e: 10-9 0" , m^wifn-.o. or . SJJSg: 

k O 5° SJt;5.'J H : 0- 1 5mm) l-<*:yB3 

-cfcy *s*ffi (10 4) ffl<DX«litfitf-^^«>*i'Ste 

It IRIZ, 0. 5 0- . O. 5 0° , O. 4 9- . 0. 

.fcy*KSl'■^'^^"^*•*'' 



roo30] As shown in Table 2. as for this invention battery A6 t 
o A9 capacity retention is large incompanson with this 
^vention battery A3 andAlO. As for capacity retention ^^^^ 
L inventionbattery A3 being small, width at half height of X- 
Sy iXction peak oflhe lattice plane (104) plane of lithium 
SLtaining manganese * nickel composite oxide which you use 
T^Z eleclode active material being ex«ssive.because 
crvstallinity is too low, it is thought for sake ^hangeot 
Sal structure in charge-discharge cycle is large In addition, 
that capacity retention of this invention battery Al O is small 
width at half height of theX-ray diffraction peak of lattice 
Diane (104) plane of lithium containing manganese nickel 
? m osiVoLe which you use as posit^^^^^^^^^ 

material being toosmall, because ^rystajlmiy too h^^^^^^^ 
thought for sakeof change occurs in portion of crystal structure. 

[00311 (Experiment 3) Median diameter of lithium jont^^r g 
Inanginese * nickel composite oxide and relationship of charge- 
discharge cycle property were inspected. 

[0032] It mixed manganese acetate and nickel nitrate with mol 
c ratio 7.0:3.0, inserted in 50 vol% ethyl alcohol aqueous 

solutionand agitated, added 30 vom ^^droSdeTr 
orecioitate ( manganese * nickel compound hydroxide ) ( 
^^prSation mf thod ). It filtered this P^^'^^^' 
mixed hthium nitrate . with atomic ratio 1 .0: 1 0 ofthe Mn and 
S Li, in oxygen atmosphere, 4 8-hourcalcined with 650 
OC, to room temperature after cooling, powder fragt^^t " 
didwith jet mill, median diameter 6 m , 10 m , 20 m . it 
nroduced30 m or35 m which are displayed with 
rr^poston formula Li Mn 0.70 Ni 0.30 02 lithium containing 
manganese * nickel composite oxide of powder of5 kind. 
Xn^a h lithium contdning manganese *nickel compos"e 
Le was inspected with powder X<ay diffraction ( radiation 
source : Cu K . measurement range 2 :10 to 90 ^ 
measurement interval :0.01 " , measuring speed .0.01 /sec . 
Sspe^n slit -.0.5 <> , scattering slit :0.5 ' and receivir^ slit 
• 0 1 5 mm ), as for the crystal structure in each case with 
h xagoZcr>;stal structure (single phase) . as for width at half 
height of X-ray diffraction peak ofthe latt":e plane (1 04) 
Jfi^e, in order, was a 0.50 ° , a 0.50 ° a 0.49 . a 0.49 
° and aO 49 ° Other than thing which uses these each 

lithium containing manganese * f i'='^«l;7P°;j;^^"^^^^^^^^^ 
positive electrode active material itproduced lithiuni secondary 
battery (this invention battery)Al 1 to A15 of flat shape with 
as similar to Working Example 1 to 5, domgthe charge- 
discharge cycle test of same condition as those which were don 
w th Expenmem 1 .it sought capacity retention of 20 th cycle 
of each battery, result is shown in Table 3. Posting also resuh 
ffths inventionbattery A3 fromTable 1, it is shown inthe 
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Table 3 . 
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ro0341 As shown in Table 3, as for this inventioabattety Al 1 
o A14 capacity retention is large incompanson with this 
toAi4 capdi. y ... That capacty retention of 

TuS Sr ^X of pan of tlut Uqm.es in i,o««l»eo« 

Sfc^::,*.* .x.d= wh,ch you use as posmve decide 
active material is too small. 

rnn^si With above-mentioned Working Example, listing case w 
E'l"u^appUed,oU,h,u„seeo^^^^ 

fla, shape to example, "P';-™!;'"' 1^^^^ in 
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[0036] 

fEffects of the Invention] Due to this invention . lithium secon 
positive electrode active material is offered. 

[Brief Explanation of the Drawing(s)] 

rpigure 1] U is a sectional view of lithium secondary battery of 

lat sJIpe which IS produced with theWorkmg Example. 
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[Explanation of Reference Signs in Drawings] 

A lithium secondary battery 

1 positive electrode 

2 negative electrode 

3 separator 

4 positive electrode can 

5 negative electrode can 

6 positive electrode collector 

7 negative electrode collector 

8 insulating packing 

[Figure 1] 
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